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1. Introduction 

A successful frequency assignment plan for l.f. 
and m.f. broadcasting will have arranged that co- 
channel and adjacent-channel interference are no- 
where excessive. But a plan must also avoid other 
frequency assignments that cause interference to be 
generated in the broadcast receivers themselves. 

Self-generated interference may arise in the 
receiver in many different ways. Its effect on 
planning can be forecast, to some extent, from a 
knowledge of the mechanisms by which inter- 
ference may be produced and the channel frequen- 
cies which could be affected. But the precise 
extent and likelihood of interference depends on 
factors which must be measured in the laboratory. 



Z Receivers tested 

A representative selection of five l.f./m.f. port- 
able receivers in production in 1974 was examined. 
All the receivers had ferrite-rod aerials for l.f. and 
m.f. reception. The prices ranged from about £10 
to £28. Car radios were not tested, but it was 
thought that their behaviour would be adequately 
represented by that of the five portables. 



3. Test equipment 

Each receiver was placed in a screened enclosure 
(see Fig. 1) and subjected to a known field. The 
construction and calibration of this 'signal injector' 
is fully described elsewhere. 1 Briefly, the signal 
was applied to the sides of an axial slot in a rectan- 
gular cylinder inside a screened enclosure; this 
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Fig. 1 - Test enclosure 
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Fig. 2 - Combination of test signals 

produced a uniform, known field parallel to the 
ferrite rod aerial of the receiver under test. Fig. 2 
shows a simplified diagram of the arrangement. 

When two or more signals were applied to- 
gether the signal sources were isolated from each 
other by hybrid transformers and suitably filtered 
to remove harmonics that would otherwise have 
falsified the measurements. (See Fig. 2.) 



4. Interference mechanisms 

Table 1 shows a list of 11 different types of 
interference-producing mechanisms starting with 
those that are the simplest and most likely to give 
trouble. The list may not be complete but is 
believed to be adequate. In all cases, the inter- 
ference consists mainly of an audible whistle or 
beat. The beat frequency depends on one or more 
of the radio frequencies involved; these are the 
frequencies of the wanted (f w ) and unwanted (f u ) 
signals, the intermediate frequency (f { ) and the 
'tuning' of the local-oscillator frequency (f =f w + 
/j). The beat frequency is zero for the condition 
given in Table 1 and for precise tuning but it may 
depart from zero frequency if there is a change in 
tuning or in the interfering signal frequency. The 
dependence of the beat frequency (/ b ) on the tun- 
ing (f ), the wanted signal frequency (/ w ) or the 
unwanted signal frequency (f u ) is given by the 
partial derivatives shown in Table 1 for each 
mechanism, and is discussed in an Appendix, 
Section 11. 

As can be seen from Table 1, the mechanisms 
A and B produce interference from the wanted 



TABLE 1 
Interference mechanisms 



Note: f w = wanted frequency 

f u = unwanted frequency 
/ v = unwanted frequency 



f = local oscillator frequency 

/i = f Q — / w = intermediate frequency 

f b = beat frequency 



Symbol 


Mechanism 


Values 
of n 


Condition for zero 
beat and beat 
frequency / b 


9/b 

Vo 
Fo 


9/b 
Fu 


9/b 
9/w 

F w 


A n 


i.f. harmonic feedback 
into r.f. amplifier 


2,3 


/w = n /i 

/ b =n/ -(n+l)/ w 


n 


— 


-(n + 1) 


B n 


r.f. harmonic feed for- 
ward into i.f. amplifier 


2,3 


n /w =/i 

/ b =/ -(n+l)/ w 


1 


— 


-(n + 1) 


C 


/ u at 'image' frequency 




/u=/w + 2/i 

/ b — Jo /u /w 


2 


-1 


—1 


D± 


/ u at ±/j from nth 
harmonic of f 


2,3 


/u=n/ ±/, 

/b=(l±n)/o+/ u -/w 


1 ±n 


Tl 


—1 


E n 


nth harmonic of f u 
at /w 


2-10 


/w = n /u 

/b= n /u -/w 





n 


—1 


F n 


nth harmonic of f u at 
image 


2-16 


n/u =/ w +2 /i 

/b = 2 /o - n /u -/w 


2 


— n 


—1 


G± 


f u and f w have sum or 
difference at/j 


— 


/u — y w — - /i 

/b = /o + /u — 2 / w 


1 


+1 


-1 ±1 


H± 


f u and / v have sum or 
difference at/j 


— 


/u ~ fv ~ I\ 

/b = /o + </u±/v)-/w 


1 


+1,±1 


—1 


I± 


f u and/ v have sum or 
difference at / w 


— 


f ±f=±f 

/b=+(fu±/v)-/w 





±1,+1 


—1 


J± 


/ u and / v have sum or 
difference at image 


— 


/u±/v=±(/"o + /i) 
/b=2/ +(/- u ±/ v )-/ w 


2 


+1,±1 


—1 


K 


second harmonics of f u 
and / w differ by f- t 
('repeat spot') 




2/ u = 2/ w +/, 

/b ~/o 2/ u +/ w 


1 


-2 





signal itself; mechanisms E and I produce inter- 
ference which is independent of receiver tuning. 
Apart from E and I, the frequencies affected by 
the remaining nine mechanisms depend on the value 
of the intermediate frequency which is fixed by 
the receiver manufacturer. It is important to 
consider: 

(a) The sensitivity of typical I.f. and m.f. broad- 
cast receivers to each of the interference 
mechanisms. 



(b) The range of typical intermediate frequencies 
of broadcast receivers. 

(c) The degree of mistuning which must be 
accepted in practice. 

Table 2A shows the frequency range of the 
I.f. and m.f. bands in which the wanted and inter- 
fering signals must be considered. From November 
1978 carrier frequencies within the m.f. band (but 
not the I.f. band) will be confined to multiples of 
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TABLE 2 A 
Band limits 



Band 


Frequency limits, kHz 


LF 


150 285 


MF (Pre Nov. 78) 


525 1605 


MF (Nov. '78) 


526-5 1606-5* 



TABLE 2B 

Channel frequencies (ITU Regions 1 & 3) 
(from 23rd November 1978) 



Band 


Formula 


Range of integers 


Channel frequencies 
kHz 


Number of 
channels 


LF 
MF 


9L + 2 
9M 


L = 17 . . . 31 
M= 59.. . 178 


155... 281 
531 .. . 1602 


15 
120 



Fig. 



* These limits are proposed by a number of Administrations for formal agreement at the World 
Administration Radio Conference 1979, but until such agreement they should only be regarded as a 
practical indication of effective limits based on ±4-5 kHz occupancy relative to the carrier fre- 
quencies assigned in the 1975 Geneva Plan. 

9 kHz. At l.f. the extreme assignments are at 155 
and 281 kHz as shown in Table 2B. 



5. The range of intermediate frequencies 

The intermediate frequencies of 123 domestic 
receivers were measured in 1 964. Similar tests on 
ten receivers were made in 1972. A probability 
density curve for these two sets of measurements 
is shown in Fig. 3 together with that of the receivers 
used in the tests described in Section 6. 

Fig. 3 shows that the most common value of 
f is close to 470 kHz but that there is a distinct 
bulge on the 1964 distribution owing to a minority 
favouring 455 kHz. As the later curves suggest 
this value of f t , which is common in the USA, is 
becoming less common in Europe. But, unless the 
BBC ceases to use a frequency of 908 or 909 kHz, 
the 1 to 2 kHz whistle caused by feedback of the 
second harmonic of f t (mechanism A2) will impair 
reception by receivers having f =455 kHz, particu- 
larly in fringe areas. 



6. Test results 

6.1. At a standard signal level 

Not all the interference mechanisms given in 
Table 1 were found to cause interference in prac- 





4 


1 


1 1 < 


n* r 


i 


0) 










^ 10 




( 




- 


o 










0) 










^20 


— 






_ 


c 




f 






CJ> 










■S 40 


— 






_ 


>, 














/ ' 






^60 
o 


- 


X # 


A. 


- 


>> 
= 80 




f 6 


h\ 


- 


o 










JQ 










O 




















°-90 








V ~ 


96 
-inn 


i 


i i 


i i 


1 



450 455 460 465 470 475 480 485 
intermediate frequency, f\ , kHz 

3 - Probability distribution of intermediate 
frequency of domestic l.f./m.f receivers 

— 123 receivers in 1964 O— — — 10 receivers in 1972 
X 5 receivers in 1974 



(RA-177) 



-3- 



wanted signal 
level, <? w 

other te 



interfering signal 
level, ff u dB (mV/m 

',0 




ing signal 
cy, f u ,kHz 



Fig. 4 - Interference susceptibility profiles for five domestic receivers. Profile letter-codes refer to seven 
mechanisms given in Table 1. Interference equivalent to a 1% modulation of the wanted signal. Wanted 
signal level 10 mV/m for all tests except A and A Vertical scale indicates level of interfering carrier. 
Shaded area indicates interference from a carrier of lower level than the wanted signal. Note that, when / u 
approaches f w , the interference is given more accurately by Figs. 5 and 12 



tice. The combinations of signal frequencies that 
gave rise to interference are shown in the isometric 
diagram of Fig. 4. The / w and f u scales lie in the 
directions usually taken for the x and y axes 
respectively. The z co-ordinate shows, for each of 
the principal mechanisms, the level of the inter- 
fering signal which would cause interference judged 
by a particular criterion discussed below. For all 
except mechanism A, the wanted signal level was 
10 mV/m. For mechanism A the wanted signal 
provided its own interference when it fell below 
the levels shown. 

The interference criterion adopted for Fig. 4 
was simple; excepting mechanism A, the level of 
the interfering signal was the lowest value that gave 
an interference beat equivalent to at least 1% 
modulation of a 10 mV/m wanted signal in only 
two of the five receivers that were examined. 
Putting it another way, the worst receiver was dis- 
regarded at each frequency for each mechanism 



and the curves given in Fig. 4 correspond to the 
worst of the remaining four receivers. The test 
frequencies were chosen carefully so that there was 
no doubt about the correct mechanism.* 

Two mechanisms, G and H, produce a result- 
ant at f as a second-order sum or difference. 
There were both detected but do not appear in 
Fig. 4 for the following reasons. For mechanism 
G, the interference criterion was reached at an 
unwanted signal level of +66 dB(mWm) or 2 V/m; 
the wanted signal level was immaterial (see Section 
7). For mechanism H, the interference criterion 
was reached when the two interfering signals (dif- 
fering by f) reached a level of +50 dB above that 
of the wanted signal. This test was difficult to 
engineer for all appropriate combinations of fre- 
quency but the result appeared to be largely inde- 
pendent of these. 

* The measurements were performed b>v R.J.J. Roach. 
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During the latter tests it was suspected that in 
conditions of high field strength at two frequencies 
separated by f, the test apparatus (or indeed the 
surroundings in a practical situation — drain-pipes, 
rusty wires etc.) may generate the signal at f. 
Accordingly, a supplementary test was made of the 
direct i.f. breakthrough of the receivers. It was 
found that an ambient field strength at f was just 
acceptable at a level of -10 dB with reference to 
that of the tuned wanted signal. There is thus 
some doubt as to the results for mechanism H 
which may become important when transmitters 
differing by f are co-sited. 

6.2. At other signal levels 

As the main tests were conducted at a fixed 
level of the wanted signal, it was necessary to show 
how to find the interfering signal levels that would 
give the same interference at other wanted signal 
levels. This extrapolation was shown to be pos- 
sible by first approximating to a theoretical model 
of the system and then making a few objective 
tests to confirm the validity of the model. This 
theory and its confirmation are described in an 
Appendix, Section 11 and summarized in Section 
7.3 and Table 3. 

As it turns out, the values of the integers F w 
and F u given in Table 1 may be taken not only as 
the factors relating a change in the signal or inter- 
ference frequency / w or / u to the consequent 
change in beat frequency f b but also as the factors 
relating a change in either signal level to that of 
the resultant interference. The generality of this 
conclusion is not guaranteed for all circumstances, 
but, as shown in the Appendix, it appears to suffice 
for this exercise. There is an exception to this 
generalisation for mechanism A, in which the non- 
linearity is strongly affected by the a.g.c. of the 
receiver. Nevertheless, the conclusion is helpful in 
forming a useful interpretation of the results as is 
discussed in Section 7. 



7. interpretation of results 

7.1. Protection ratio 

So far, the results give the interfering signal 
level for a particular objective criterion discussed 
in Section 6.1. The subjective impairment 

depends on the beat frequency f b . If the inter- 
ference is caused by a co-channel transmission, 
separated from the wanted transmission by f b , then 
the relative protection ratio will depend on f b in 
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Fig. 5 - Protection ratio: A rel. = CCIR Rec. 
449-2 curve B, A plan = acceptable wanted-to- 
unwanted carrier ratio at a beat frequency f b , 
showing an example of f b = 7 kHz ± 3-5 kHz for 
errors in f and f . The dashed curve applies when 
modulation bandwidths are restricted to 4-5 kHz 
(curve D of CCIR Rec. 449-2) 

the way shown in Fig. 5.* The curve shown in 
Fig. 5 is appropriate to the normal m.f. practice of 
using fairly high audio compression and an audio 
bandwidth extending up to 10 kHz. The effect of 
restricting the bandwidth of the interfering modu- 
lation is shown by the dashed part of the curve in 
Fig. 5 and is discussed in Section 8.3. A scale of 
absolute signal-to-interference ratio is also given in 
Fig. 5, showing a basic co-channel protection of 
30 dB in accordance with usual practice for m.f. 
planning. In the objective tests described here, a 
standard condition of 40 dB carrier-to-interference 
ratio was adopted. The test condition therefore 
corresponds with the most stringent condition 
considered acceptable for planning where the beat 
frequency whistle f b is most annoying at about 
2 kHz. The next step is to find the worst value of 
f b in a practical interference situation. 

7.2. Practical frequency tolerances 

If, from a study of Fig. 4, a particular com- 
bination of frequencies seems likely to produce 
interference, then the beat frequency f b may be 
calculated from Table 1 assuming that the receiver 



* CCIR Recommendation 449-2 for I.f. and m.f. a.m. transmissions 
with a high degree of compression. 
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is correctly tuned so that f =f\+ f w exactly. 
However, a range of values of /j must be considered 
according to the probability distribution of Fig. 3. 
For practical purposes, we shall consider only the 
80% of receivers existing in 1972 and having values 
of/j lying between ±2-5 kHz of 469-5 kHz as shown 
in Fig. 3. In addition, we shall allow a tuning 
error in f Q of ±1 kHz and we shall make the pessi- 
mistic assumption that the mis-tuning is always in 
the worst direction. The combined effect of these 
tolerances is that f Q is within ±3-5 kHz of the 
frequency that would make f -f w =fi = 469-5 
kHz. 

The value of f b may be calculated from the 
expression given in Table 1 for a particular 
mechanism and for particular values of f w and f u . 
To this exact value of f b a maximum error must be 
added which is ±3-5F kHz where F is the partial 
derivative 3/ b /9/ as given in Table 1 and discussed 
in Section 6: an example of the extent of this 
error is shown in Fig. 5. The pertinent calculations 
are given in Table 3 for ten mechanisms. 

Table 3 gives the beat frequency f b and its 
tolerance for each mechanism. Because of the 2 
kHz offset of the planned l.f. band channels, the 
value of f b depends on whether the wanted and 
interfering signals are in the same or different 
bands. The Table also gives the differential coef- 
ficients governing the beat frequency and ampli- 
tude; the derivation of these is explained in the 
Appendix, Section 11 and their use in constructing 
the graphs, Figs. 6 - 11, is explained in the next 
section. 
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Fig. 6 - Mechanism A: minimum wanted signal 
level: dependence on wanted channel frequency 
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given by Fig. 4 




E2 2/ u -/ w 



I— (M — M) 



5 14 

- r L -(L--M) n - L - 



23 



13 



22 



-kHz 



Fig. 8 - Mechanism E 2 : acceptable levels of 

unwanted (a u ) and wanted (a w ) signals relative to 

those given by Fig. 4 
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TABLE 3 










Inter- 
ference 
mechanism 


Differential coel 
Frequency 

F F F F 

u w wo 


"ficients 
Amplitude 

[1] 

A u A w 


Interfering/ 

interfered 

bands 

[2] 


Beat frequency f b kHz 
[3] [4] 
general for nearest 
expression channels 


[5] 
max. 
error 


Graph 
Fig. 
No. 


\ 


2 -3 -1 


-KD 


M/M 


/w - 2/i 


-3 ± 9 


± 7 


6 


A 3 


3 -4 -1 


-1(2) 


M/M 


/w - 3/, 


4.5+ 9 


±10-5 


6 


C 


2-1-1 1 


1 -1 


M/M 


/„ " /w - 2 /i 


-3 ± 9 


± 7 


7 








M/L 


/u /w 7i 


-j- A + Q 


± 7 


7 


D a~ 


-1 1 -1 -2 


1 -1 


M/M 


/u — 2/ w — f\ 


-1-5+ 9 


± 3-5 


10 








M/L 


/ u ~~ 2/ w — /| 


+3-5 ± 9 


± 3-5 


10 


D 7 


-2 1 -1 -3 


1 -1 


M/L 


/u - 3/w - 2 /i 


± 9 


± 7 


7 


E 2 


2-1-1 


2 -1 


M/M 


4/ u /w 


± 9 





8 








L/M 


2/ u — / w 


_4 + 9 





8 


F 2 


2-2-1 1 


2 -1 


M/M 


2/u ~~ / w — 2/i 


-3 ± 9 


± 7 


9 








M/L 


2/u — / w — 2/| 


+4 ± 9 


± 7 


9 


H~ 


1 ±1 -1 


1 -1 


M/M 


/ u /v T\ 


-1-5 ± 9 


± 3-5 


10 








M/L 


/u /v /i 


+3-5 ± 9 


± 3-5 


10 


[6]G~ 


1 -1 -2 -1 


1 


M/M 


~/u + /w - /l 


-1-5 ± 9 


± 3-5 


10 








M/L 


~ 7u /w y i 


+3-5 ±. 9 


± 3-5 


10 


K 


1-2 1 2 


2 1 


M/M 


2/u — 2/ w — /j 


-1-5 ± 18 


± 3-5 


11 


NOTES: 




[1] The coefficients A w for mechanism A are shown in brackets for a receiver without a.g.c. 




[2] The letter M refers to the m.f. band where channel frequencies are 9M kHz and L refers to the l.f. 
band where channel frequencies are 9L + 2 kHz (from Nov. 1978). 


[3] The value of /, is taken as 469-5 kHz. 




[4] With exact tuning and channelling, only these values are possible. 




[5] The error in/ b arises from ±1 kHz tuning error ±2-5 kHz spread in/, leading to a maximum 
±3-5F kHz. 


error of 


[6] Mech 


anisms G and K are i 


ncluded here 


for variety tl 


lough they did not 


give rise to 


significant inter- 



ference during the tests. 
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Fig. 10 - Mechanisms D~ G~ and H~ '.- acceptable 

wanted/unwanted signal ratio relative to that given 

by Fig. 4. Reference for H~ is —50 dB 

(see Section 6. 1) 

7.3. Derivation and use of graphs 

Figs. 6 to 11 show how, for an acceptable 
interference for planning purposes, the permissible 
signal levels are related to the beat frequency. 






a> 

> 



0} 




10 
20 
30 


r ° 

QQ 

- "° 20 

CD 

> 

O 

- £ 40 

60 

































10 15 20 f b kHz 



2/ u -2/ w h 



w r— i 

468 



486 

I 



-kHz 



450 



Fig. 



11 - Mechanism K: acceptable levels of 
wanted and unwanted signals relative to 
reference datum 



Also shown on the beat-frequency scales are those 
frequencies that arise from the proposed 9 kHz 
channelling, so that the effect of a change of one 
or two channels may be assessed. Thus, the effect 
on f b of changing the wanted or the interfering 
frequency by one channel is given by F wo or F u 
respectively, (see Table 3). In nearly all cases, one 
of these two coefficients has a modulus of unity, so 
that the frequency scales all have 9 kHz steps. 
Where F w and F u are greater as in mechanism K, 
the steps are correspondingly greater. However, 
in addition to the 9 kHz steps, there is in most cases 
an offset from zero beat even for the nearest 
channel. This offset arises from two sources; 
first, the mean value of /; is not a multiple of 9 
kHz but is, in kHz 

469-5 = (9x52) + 1-5 

Second, channel frequencies in the two bands are 
given by 

9L + 2 kHz at LF 
9M + kHz at MF 

leading to a basic 2 kHz beat (multiplied by the 
appropriate coefficients) whenever the wanted and 
interfering carriers are in different frequency bands. 
As Table 3 shows, this 'other-band' interference 
occurs in nearly half the total significant mech- 
anisms. 

The shape of the graphs may be understood 
by considering the protection ratio curve of Fig. 5 
to be convoluted with the maximum frequency 
error given in Table 3. This convolution has the 
effect of 'blurring' the curve, broadening the skirts 
of the curve and filling in the dimple at zero offset. 
Two of the graphs serve more than one mechanism 
because the coefficients are the same. For 
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example, Fig. 7 covers mechanisms D and D~ 
because coefficients F , F u , F w , A u and A^, have 
moduli which are the same for the two mechanisms. 
An exception is F wo = -3 for D~, indicating that 
in this case a change of one channel in the m.f. 
interfering signal will cause a change of 27 kHz in 
the whistle on the wanted l.f. signal. The ordinate 
scale in Fig. 7 refers to the wanted-to-interfering 
signal ratio a m /a u , taking as the reference the value 
given by Fig. 4 for the particular mechanism and 
frequencies concerned. 

Thus, to take a bad case of image-channel 
interference from 

/ u = 1152 kHz to/ w = 200 kHz 

Fig. 4 shows that this involves mechanism C and 
the objective reference for signal levels is 



a u = 10 dB mV/m, a v 



= 20 dB mV/m 



Turning to Fig. 7 and noting that, against (C), we 
must put f u — f w = 952, we read off a worst-case 
beat frequency of f b = 13 kHz and an ordinate of 
a w /a u - —18 dB, ref. Fig. 4. This means that the 
interference will be acceptable provided that the 
absolute signal-to-interference ratio is no worse 
than 18 dB below the reference condition a w /a u = 
10 dB, or —8 dB in this case. 

Taking this latter example a little further, let 
us suppose that the acceptable minimum signal-to- 
interference ratio of —8 dB cannot be obtained for 
an adequate number of listeners in the area served 
by / w = 200 kHz. Let us also suppose that there is 
a negotiable option on the choice of a frequency 
/ w = 1125 kHz. Fig. 7 shows immediately that 
this option offers an easement of 5 dB (from —18 
dB to —23 dB) in the acceptable signal-to-inter- 
ference ratio if the frequency / w is reduced from 
1152 kHz to 1125 kHz (3 channels). This obser- 
vation is clearly of value in assessing the benefit of 
exercising this particular option in the choice of 
frequencies for overlapping service areas. 

Turning to another example, consider inter- 
ference from 

f u = 774 kHz to/ w = 1548 kHz 

Fig. 4 shows that mechanism E 2 is involved and 
that the crucial signal levels are 

a u = 57 dB mV/m and a w = 20 dB mV/m. 

Table 3 refers to Fig. 8 and shows that, for 
mechanism E 2 , the value of F is zero. This means 



that frequency errors in the receiver have no effect 
on f b and there is therefore no blurring of the 
shape of the graph in Fig. 8. In the present 
example, the value of the abscissa is 

2/u-/w=/b=° 

The ordinate has two scales because, although the 
interference depends linearly on the wanted signal 
level (A w = — 1), it has a square-law response to the 
interfering signal level (A u = 2) since it is a second- 
harmonic mechanism. Thus, for this example 
where f b = 0, Fig. 8 shows that the acceptable 
signal levels differ from the reference levels from 
Fig. 4, given above, as follows. Either the wanted 
signal level may be reduced by 10 dB or the 
unwanted signal level may be increased by 5 dB. 
In order to arrive at an acceptable compromise 
between the two levels, further adjustments may 
be made, provided that these are (in dB) in the 
ratios shown by A w and A u . 

The same care in interpretation of the ordi- 
nate scales is required for Figs. 8, 9 and 1 1 for the 
reasons given above. 

In Fig. 10, three mechanisms are treated but 
only D~ is given as a specific mechanism in Fig. 4. 
Of the other two mechanisms, G — required a level 
which was below the reference plane of Fig. 4 and 
was therefore insignificant, but is of interest since 
A w = meaning that the interference level is inde- 
pendent of that of the wanted signal. Mechanism 
H — has significance in practice, as described in 
Section 6.1 but, since it involves two interfering 
signals, the reference has no location in the diagram 
of Fig. 4. 

Mechanism A (Fig. 6) involves no separate 
interfering signal, so that the ordinate may be 
scaled directly in dB(mWm) with respect to that 
shown in Fig. 4. 



8. Discussion 

8.1. Frequency planning and current receiver design 

The data provided in Figs. 6 — 11 may be 
used in a number of ways; the procedure may be 
followed to check particular conjunctions of / w 
and / u , or, starting from an agreed set of values of 
f w and « w , to prepare maps showing the permissible 
boundaries of / u and a u . It would be a compara- 
tively simple matter to prepare a program for a 
calculator for checking possible clashes, using an 
approximation to the CCIR protection-ratio curve 
of Fig. 5; such an approximation is given in an 
Appendix, Section 12, Fig. 12. 
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........ .4 rel = -70[1 -exp(-/ b /3)] [1 - 1-6 exp(-/ b /10)] 

The unification of 9 kHz channelling in the 
l.f. and m.f. bands, starting in November 1978, will 
alleviate some of the present problems in co- 
channel and adjacent channel interference but will 
do little to reduce self-generated interference with 
current receivers, owing to the intrinsic spread of 
intermediate frequencies and the necessary tuning 
tolerance. The latter features may be improved in 
future designs. 

8.2. Possible future receiver design 

The establishing of a unified 9 kHz channel- 
ling plan makes certain advances in receiver design 
more attractive. First the tunable local oscillator 
may be replaced by a simple synthesiser giving 
selectable outputs 9 kHz apart. Second, the i.f. 
amplifier may be more accurately centred on a 
frequency of 468 kHz, which is a harmonic of 
9 kHz. In this way the self-generated interferences 
arising from unwanted signals in the same band 
would be constrained to values of f b of and 9 
kHz with a tolerance of say 20 Hz. The improve- 
ment would be equivalent to an increase of 10 dB 
in the wanted signal level in all these cases. 

Unfortunately, the l.f. channels are offset by 
2 kHz from a regular 9 kHz harmonic scale. Hence 
the use of an accurate synthesiser will not auto- 
matically give the same improvement for inter- 
ference from one band to the other, but will tend 
to cause interference having the most audible beat- 
frequency of 2 kHz. However, there may be a 



more suitable compromise solution which may be 
appreciated by an examination of Table 3. This 
shows that for same-band interference, denoted 
M/M, the offsets are multiples of the 1-5 kHz off- 
set in f- t ; these would vanish if f were an exact 
harmonic of 9 kHz and f- t were 468 kHz. But the 
'other-band' cases, denoted M/L and L/M, show 
one offset of zero for mechanism D~ (made up of 
3 x 2 kHz + 2 x 1-5 kHz - 9 kHz) and other off- 
sets with a minimum value of 3-5 kHz which is 
5 dB better than at 2 kHz. The only case of L/M 
interference gives 4 kHz offset interference inde- 
pendently of /j and/ ; this involves mechanism E 
and affects only three or four channels in each 
band. 

It therefore seems worth considering a some- 
what more complex arrangement for an optimum 
design in which the i.f. amplifier is slightly detuned 
for If. reception. Using the channel numbers L 
and M as in Table 2B, the two regimes might be as 
shown in Table 4. 





TABLE 4 


Band 


/, kHz f kHz 


MF 
LF 


468 9(M+52) 
469-5 9(L+52)+3-5 



The reduction of possible impairment gained 
by i.f. switching is probably well worth the extra 
receiving cost. No extra cost will be incurred for 
the synthesiser since the new frequency plan 
requires a switched 2 kHz offset in any case, even 
if the value of/; remains unswitched. 

An additional benefit of i.f. switching will be 
that l.f. to m.f. local-oscillator interference will be 
less annoying, since the most likely whistle will be 
increased in frequency from 2 kHz to 3 • 5 kHz. 

8.3. Modulation bandwidth restriction 

The curve of protection ratio, shown in Fig. 
5 and chosen as the basis of the interference calcu- 
lations, may lead to a pessimistic forecast in some 
cases since it applies only when both the wanted 
and interfering signal modulation extend to 10 
kHz. In fact, there is increasing use of modulation 
filters which, in restricting the modulation spectrum 
to less than 10 kHz, will therefore tend to reduce 
adjacent-channel interference. For example, if 
transmitted modulation frequencies above about 
4-5 kHz are removed by a filter, as is incorporated 
in some transmitters in the UK, the effect on the 
protection required by transmissions in an adjacent- 
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channel will be as shown by the dashed line in Fig. 
5. As the dashed line shows, the required pro- 
tection would be reduced by up to 12 dB in certain 
cases. However, while this possible amelioration 
of interference should be borne in mind for the 
future it is as well to err on the safe side for the 
present. 



and m.f. receivers has been measured and a planning 
procedure has been established by which the fre- 
quencies and field-strengths of wanted and inter- 
fering carriers which would cause interference may 
be assessed. 
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11. Appendix i 
An analysis of the effects of changes in signal levels and frequencies 



11.1. The notion of partial frequency and amplitude 
coefficients 

We shall regard the receiver as responding 
primarily to the modulation of a signal at the inter- 
mediate frequency /j. The signal at/] is derived 
in the mixer from a wanted transmission at a fre- 
quency f w by simple intermodulation with a tun- 
able local oscillator at a frequency f Q such that 
/j = f — / w • In addition to this wanted response, 
and independently of the simple intermodulation 
with / , one of many other intermodulation pro- 
cesses may generate an unwanted signal at f x ± f b . 
This interfering signal may be generated from an 
unwanted carrier at f u , the local oscillator at f , 
the wanted carrier at / w and their harmonics by a 
variety of mechanisms, some of which are given in 
Table 1. As the frequency or amplitude of the 
various ingredients changes, the frequency or 
amplitude of the resultant interference at f b will 
also change in a direction or magnitude which 
depends on the particular mechanism involved. 

It is fairly easy to find the relationship 
between changes in the frequencies f Q , / w , f u and 
that of the resultant / b simply by inspection of the 
expressions for f b given in Table 1. For clarity, 
these relationships may be separated as a set of 
partial differential coefficients of the form 



«o 9a b 



9/o 



3/u 



9/w 



These numbers describe the effect on f b of 
an error in tuning by F , a change in the inter- 
fering frequency by F u and a change in the wanted 
frequency by F w + F = F w . (The last expres- 
sion, F w + F , recognises that f will normally be 
retuned in sympathy with f w .) 

Thus, knowing the protection ratio required 
at a given value of f b , (from Fig. 5), the relative 
protection required at various combinations of the 
ingredient frequencies may be assessed. But, 
before a useful result is revealed, the relationship 
between the ingredient amplitudes a w a u a Q and 
that of the beat-frequency resultant a b must be 
established. These relationships are best expressed 
in logarithmic form so as to be independent of the 
system gain and give a ratio of levels in decibels. 
Thus the partial differential coefficients for ampli- 
tude may be written 



= A ^ ^ = A 

9a ° a b 3a w ^" 



a u ba b 



a*. = Au 



These amplitude coefficients may be derived from 
the same expressions as were the frequency coef- 
ficients F but greater care is required owing to some 
instrumental features. These are as follows. 

First, the action of the mixer effectively 
limits the amplitude a making A = 0. Second, 
the a.g.c. action tends to make i.f. harmonic pro- 
duction independent of signal level in mechanism 
A. Third, and most subtly, the independence of 
the wanted and unwanted responses may lead to 
cancellations of coefficients when the wanted 
signal is involved in the interference mechanism. 
With these features in mind, it is possible to make a 
useful observation from a simplified theory. 

11.2. A simplified treatment of intermodulation 

In a general theory of intermodulation be- 
tween a number of signals S, a particular product 
will be generated by one or more terms of the same 
frequency in the expansion of the multinominal 
expression 

£\ n <S, + S a+ S,...S m )" 

where S r = a x cos(2irf r t + <p r ) 

For the present purpose, it will be sufficient to 
consider only a trinomial expansion: 



Z, E - L n! i 



C I c J c I 
°o D u a w 



n=1 



i+j+k=n 



j! k! 



and, if we make the assumption that the product 
of a particular mechanism (determined by i, j and 
k) is determined only by that member of the 
series that has the appropriate frequency and the 
lowest power of n, then we may ignore the phase 
r and express it as 



V p =« p cos2irf p t 



«.' aj a... k 
E n n! ° u w 



i! j! k! 



cos27r(±i/ ±j/- u ±k/ w )t 



from which we may obtain the relations 
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da 



p _ 



a p ba 



9/p 



a/o 





9/p 
3/u 


«w 9g p _ 
«p 9fl w 


9/p 
9/w 



= In 



= Jp 



= k„ 



The importance of this result is that, for any 
one mechanism alone, the frequency and amplitude 
differential coefficients have the same modulus. 
The validity of the assumption has been tested by 
making level changes in typical interference con- 
ditions; the above relationship was verified to 
within ±15% for several mechanisms. Knowing 
the frequency coefficient, therefore, the amplitude 
coefficient is also known. 

However, where two intermodulation pro- 
cesses are involved, as in the production of an 
interference beat of frequency / b and relative 
amplitude a b , then the interfering components 



must be treated separately and their coefficients 
then summed to find the effective differential 
amplitude coefficient A. 

Thus, where the resultant beat arises from 
two signals near /; , say a wanted signal / p and an 
interference / q , the coefficients of f p are simply 



9/o 



9/u 9/w P P 



and those of f q alone, by subtraction from the 
totals given in Table 1, must be 






a/o 



9/u 



9/. 



Fw + 1 



whence it follows that the required amplitude 
coefficients are 

A u =|F u |andA w = |F W + 1| - 1 

In this way the coefficients shown in Table 3 may 
be calculated. 



12. Appendix if 
An exponentiai approximation to the CCiR protection ratio curve 



A simple exponential approximation to the 
curve of relative protection ratio given in CCIR 
Recommendation 449-2 Curve B is given by 

A rei =-70[l-exp(-/ b /3)] [l-l-6exp(-/ b /10)] 



The expression is fairly simple to express in terms 
of instructions in a computer program. The degree 
of approximation may be judged from the com- 
parison of Fig. 12. 
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